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DESCRIPTION 

EXHAUST EMISSION CONTROL DEVICE 

Technical Field 
[ 0001 ] 

The present invention relates to an exhaust emission 
control device. 

Background Art 
[0002] 

Particulates or particulate matter entrained in 
exhaust (burned gas of diesel oil) from a diesel engine is 
mainly constituted by carbonic soot and a soluble organic 
fraction (SOF) of high-boiling hydrocarbon and contains a 
trace of sulfate (misty sulfuric acid fraction). 
[0003] 

In order to suppress the particulates from being 
diffused into atmosphere, conventionally a filter for 
capturing particulates is incorporated in an engine 
exhaust system. 
[0004] 

An example of the particulate filter comprises a 
honeycomb core made of ceramics such as cordierite and 
having a number of passages compartmentalized by porous 
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thin walls, exhaust from an engine flowing through the 
passages . 
[0005] 

In the above-mentioned particulate filter, alternate 
ones of the parallel passages have plugged one ends so as 
to guide the exhaust to unplugged one ends of the gas 
passages adjacent thereto; the passages through which the 
exhaust flows have the plugged other ends so as to connect 
unplugged other ends of the gas passages adjacent thereto 
to a muffler. 
[0006] 

Thus, the particulates entrained in the exhaust are 
captured by the porous thin walls and only the exhaust 
passing through the walls is discharged to the atmosphere. 
[0007] 

The particulates attached to the thin walls will 
spontaneously ignite to be oxidized when an engine 
operating status is shifted to a region with increased 
exhaust temperature . 
[0008] 

However, for example, in a shuttle-bus running mainly 
on city roads with generally lower running speeds , there 
is few chance to continue an engine operational status 
capable of obtaining exhaust temperature suited for 
oxidation treatment of the particulates. As a result, a 



captured particulate amount will exceed an oxidized amount, 
leading to clogging of the porous thin walls . 
[ 0009 ] 

Thus, recently, a plasma assisted exhaust emission 
control device (gas treatment reactor vessel) has been 
proposed which can oxidize particulates even if exhaust 
temperature is low (See, for example. Reference 1). 
[0010] 

In this exhaust emission control device, inner and 
outer electrodes in the form of drilled stainless 
cylinders are coaxially arranged in a chamber. A gap 
between the electrodes is charged with dielectrics in the 
form of pellets so as to allow the exhaust to pass. The 
exhaust from the engine is guided to a gap between the 
chamber and the outer electrode. 
[0011] 

Thus, the particulates entrained in the exhaust 
supplied from between the chamber and the outer electrode 
to the pellet charged layer are attached to the pellets 
and only the exhaust passing through the pellet charged 
layer is discharged to the atmosphere. 
[0012] 

Moreover, higher voltage is applied across the 
electrodes to generate discharge plasma and excite the 
exhaust, so that unburned hydrocarbon, oxygen and nitrogen 
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monoxide are activated into oxygen-containing hydrocarbon, 
ozone and nitrogen dioxide, respectively. 
[0013] 

Thus, even with lower exhaust temperature, the 
particulates attached to the pellets will spontaneously 
ignite to be oxidized. 

[Reference 1] JP 2002-501813A 

Summary of The Invention 
Problems to be Solved by the Invention 
[0014] 

To increase a captured particulate area in the 
exhaust emission control device as disclosed in Reference 
1 above requires the inner and outer electrodes to be 
extended in a direction of flow of the exhaust; 
alternatively, the distance between the electrodes is 
required to be increased to increase a charged pellet 
amount . 
[0015] 

However, such extension of the electrodes in the 
direction of flow of the exhaust will increase flow path 
resistance; to increase the distance between the 
electrodes will result in failure of generating discharge 
plasma unless voltage applied is increased. 
[ 0016 ] 
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The invention was made in view of the above and has 
its object to provide an exhaust emission control device 
with high removal efficiency of particulates and with 
easiness in maintenance. 

Means or Measure for Solving the Problems 
[0017] 

In order to attain the above object and according to 
a first aspect of the invention, provided are a plurality 
of capturing cells each including a cylindrical outer 
electrode constituted by an electrically conductive filter 
capable of capturing particulates, a rod-like inner 
electrode inserted into the outer electrode and a 
dielectric for lining an outer surface of the inner 
electrode, a cylindrical housing within which said 
capturing cells are arranged in parallel with each other, 
exhaust divergence means on one end of the housing and in 
communication with interiors of the outer electrodes in 
the respective capturing cells and exhaust convergence 
means on the other end of the housing iand in communication 
with a gap between an inner surface of the housing and 
outer surfaces of the respective capturing cells, voltage 
necessary for generation of electric discharge being 
applicable across the inner and outer electrodes* 
[0018] 



According to a second aspect of the invention, 
provided are a plurality of capturing cells each including 
a cylindrical inner electrode constituted by an 
electrically conductive filter capable of capturing 
particulates , a cylindrical outer electrode surrounding 
said inner electrode and a dielectric for lining an inner 
surface of the outer electrode, a cylindrical housing 
within which said capturing cells are arranged in parallel 
with each other, exhaust divergence means on one end of 
the housing and in communication with a gap between an 
inner surface of the dielectric and an outer surface of 
the inner electrode in each of the capturing cells, 
exhaust convergence means on the other end of the housing 
and in communication with an interior of the inner 
electrode in each of the capturing cells, voltage 
necessary for generation of electric discharge being 
applicable across the inner and outer electrodes. 
[0019] 

According to a third aspect of the invention, 
provided are a plurality of capturing cells each including 
a cylindrical inner electrode constituted by an 
electrically conductive filter capable of capturing 
particulates, a cylindrical dielectric surrounding said 
inner electrode and a cylindrical outer electrode 
constituted by an electrically conductive filter capable 



of capturing particulates and surrounding said dielectric, 
a cylindrical housing within which said capturing cells 
are arranged in parallel with each other, exhaust 
divergence means on one end of the housing and in 
communication with a gap between an inner surface of the 
dielectric and an outer surface of the inner electrode in 
each of the capturing cells and a gap between an inner 
surface of the outer electrode and an outer surface of the 
dielectric in each of the capturing cells and exhaust 
convergence means on the other end of the housing and in 
communication with an interior of the inner electrode in 
each of the capturing cells, voltage necessary for 
generation of electric discharge being applicable across 
the inner and outer electrodes. 
[0020] 

In the first aspect of the invention, the cylindrical 
outer electrodes capable of capturing particulates are 
arranged in parallel with each other so as to increase a 
captured particulate area without prolonging the flow path 
of the exhaust. 
[0021] 

The rod-like inner electrode is inserted into the 
outer electrode for decrease of the distance between the 
electrodes so as to decrease applied voltage necessary for 
generation of discharge plasma. 



[0022] 

In the second aspect of the invention, the 
cylindrical inner electrodes capable of capturing 
particulates are arranged in parallel with each other so 
as to increase a captured particulate area without 
prolonging the flow path of the exhaust. 
[0023] 

The inner electrode is surrounded by the cylindrical 
outer electrode for decrease of the distance between the 
electrodes so as to decrease applied voltage necessary for 
generation of discharge plasma. 
[0024] 

In the third aspect of the invention, the cylindrical 
inner and outer electrodes capable of capturing 
particulates are respectively arranged in parallel with 
each other so as to increase a captured particulate area 
without prolonging the flow path of the exhaust. 
[0025] 

The inner electrode is surrounded by the outer 
electrode for decrease of the distance between the 
electrodes so as to decrease applied voltage necessary for 
generation of discharge plasma. 

Effects of the Invention 
[0026] 
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According to an exhaust emission control device of 
the invention, the following various excellent meritorious 
effects are obtained. 
[0027] 

(1) According to the first aspect of the invention, the 
outer cylindrical electrodes capable of capturing 
particulates are arranged in parallel with each other, so 
that the captured particulate area can be increased 
without prolonging the flow path of the exhaust, whereby 
the removal efficiency of the particulates can be enhanced. 

[0028] 

(2) The rod-like inner electrode is inserted into the 
outer electrode for decrease of the distance between the 
electrodes, so that the applied voltage necessary for 
generation of discharge plasma can be decreased. 

[0029] 

(3) According to the second aspect of the invention, the 
cylindrical inner electrodes capable of capturing 
particulates are arranged in parallel with each other, so 
that the captured particulate area can be increased 
without prolonging the flow path of the exhaust; the 
particulates are captured by the inner electrodes, each of 
which has high electric field strength and high plasma 
energy, so that the removal efficiency of the particulates 
upon generation of plasma can be enhanced. 
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[0030] 

(4) The inner electrode is surrounded by the cylindrical 
outer electrode for decrease of the distance between the 
electrodes, so that the applied voltage necessary for 
generation of discharge plasma can be decreased. 

[0031 ] 

(5) According to the third aspect of the invention, the 
cylindrical inner and outer electrodes capable of 
capturing particulates are respectively arranged in 
parallel with each other, so that captured particulate 
area can be increased without prolonging the flow path of 
the exhaust; and the particulates are captured mainly by 
the inner electrodes, each of which has high electric 
field strength and high plasma energy, so that the removal 
efficiency of the particulates upon generation of plasma 
can be enhanced. 

[0032] 

(6) The inner electrode is surrounded by the outer 
electrode for decrease of the distance between the 
electrodes , so that the applied voltage necessary for 
generation of discharge plasma can be decreased. 

Best Mode for Carrying Out the Invention 
[0033] 

Embodiments of the invention will be described with 
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reference to the drawings. 



Embodiment 1 
[0034] 

Figs. 1 to 4 show a first embodiment of an exhaust 
emission control device according to the invention. This 
exhaust emission control device comprises a cylindrical 
housing 1, a plurality of capturing cells 2 arranged in 
parallel with each other within the housing 1 and exhaust 
divergence and convergence means 3 and 4 at one and the 
other ends of the housing 1, respectively. 
[0035] 

Each of the cells 2 comprises a cylindrical outer 
electrode 7 constituted by an electrically conductive 
filter capable of capturing particulates and a rod-like 
inner electrode 6 coaxially arranged within the outer 
electrode 7 and having an outer surface lined with a 
dielectric 5 made of for example ceramics. 
[0036] 

The electrically conductive filter may be fibrous 
metal laminated and sintered into integrity, sintered body 
of metallic powder, fine metallic mesh laminated and 
sintered into integrity or metallic powder carried by fine 
metallic mesh through sintering; any of them may capture 
the particulates while ensuring passing of the gas. 
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[0037] 

The exhaust divergence means 3 comprises a support 
plate 8 in close contact with a whole outer peripheral 
surface of an end of the outer electrode 7 in each of the 
capturing cells 2 and in close contact with a whole inner 
peripheral surface of one end of the housing 1, and an 
inlet 9 on the one end of the housing 1 and into which 
exhaust G from an engine (not shown) flows . 
[0038] 

The exhaust convergence means 4 comprises a support 
plate 10 fitted over the electrodes 6 and 7 in the 
respective cells 2 to retain relative positions of the 
electrodes 6 and 7 and abutting on a predetermined portion 
of the other end of the housing 1, and an outlet 11 on the 
other end of the housing 1 and in communication with a 
muffler (not shown) . 
[0039] 

The support plate 10 has a central opening 12. Gaps 
13 are formed on portions of the plate 10 not in abutment 
with the housing 1. 
[0040] 

Thus, a gap 14 between the inner surface of the 
housing 1 and the outer surfaces of the outer electrodes 7 
is communicated with the outlet 11 through the opening 12 
and gaps 13. 
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[0041] 

The opening 12 and gaps 13 are not limited to the 
shapes shown in Figs. 2 to 4; they may be of any shapes 
other than those shown provided that the gap 14 can be 
communicated with the outlet 11. 
[0042] 

The above-mentioned support plates 8 and 10 are made 
from heat-resisting and insulating material such as 
ceramics so as to retain electric insulation between the 
housing 1 and the electrodes 6 and 7 to one another. 
[0043] 

The electrodes 6 and 7 in each of the cells 2 are 
connected through an electric discharge controller 15 to 
an in-vehicle power supply 16 such as alternator; voltage 
necessary for generation of electric discharge can be 
applied with the electrodes 6 and 7 utilized as anode and 
cathode , respectively . 
[0044] 

As shown in Fig. 1, a plurality of insulators in the 
form of circumf erentially equidis tantly arranged spacers 
17 are interposed between the outer and inner surfaces on 
the one ends of the electrodes 6 and 7, respectively, so 
as to maintain constant the distance between the 
electrodes 6 and 7; moreover, a plurality of insulators in 
the form of spacers 18 closely contact the support plate 
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10 so as to be positioned circumf erentially equidistant ly 
of the electrodes 6 and 7 (these spacers 17 and 18 are 
omitted from Figs. 2 and 3). 
[0045] 

Each of the spacers 17 is, for example, short in its 
axial length to its diameter, i.e., in the shape of 
spindle or abacus bead so as to prevent linear electric 
discharge along outer surfaces of the spacer 17; each of 
the spacers 18 is, for example, in the shape of axially 
cut half of the spacer 17 so as to prevent linear electric 
discharge along outer surfaces of the spacer 18 and/or 
along an end surface of the support plate 10. 
[0046] 

In this exhaust emission control device, the exhaust 
G from the engine flows via the inlet 9 of the divergence 
means 3 into interiors of the outer electrodes 7 in the 
respective cells 2 , passes through the outer electrodes 7 
from inwardly to outwardly thereof and then flows via the 
opening 12 , the gaps 13 and the outlet 11 of the 
convergence means 4 into the muffler . 
[0047 ] 

Thus, the particulates entrained in the exhaust G are 
captured by the outer electrodes 7 which are the 
electrically conductive filters . 
[0048] 
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Moreover, higher voltage is properly applied across 
the inner and outer electrodes 6 and 7 to generate 
discharge plasma and activate unburned hydrocarbon, oxygen 
and nitrogen monoxide into oxygen-containing hydrocarbon, 
ozone and nitrogen dioxide , respectively , so that the 
particulates will spontaneously ignite to be oxidized. 
[0049] 

In the exhaust emission control device shown in Figs. 
1 to 4, the cylindrical outer electrodes 7 capable of 
capturing the particulates are arranged in parallel with 
each other so that the flow path of the exhaust G is not 
prolonged even if the captured area of the particulates is 
increased . 
[0050] 

Moreover, the rod-like inner electrode 6 is inserted 
into the outer electrode 7, so that the distance between 
the electrodes 6 and 7 can be shortened to lower the 
applied voltage necessary for generation of discharge 
plasma . 

Embodiment 2 
[0051] 

Figs. 5 to 8 show a second embodiment of an exhaust 
emission control device according to the invention. This 
exhaust emission control device comprises a cylindrical 
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housing 21, a plurality of capturing cells 22 arranged in 
parallel with each other in the housing and exhaust 
divergence and convergence means 23 and 24 on one and the 
other ends of the housing 21, respectively. 
[0052] 

Each of the cells 22 comprises a cylindrical outer 
electrode 26 internally lined with dielectric 25 made of 
such as ceramics and a cylindrical inner electrode 27 
coaxially arranged within the outer electrode 26 and 
constituted by an electrically conductive filter capable 
of capturing the particulates. 
[0053] 

The exhaust divergence means 23 comprises a support 
plate 28 closely contacting a whole outer peripheral 
surface of an end of the outer electrode 26 in each of the 
capturing cells 22 and closely contacting a whole inner 
peripheral surface of one end of the housing 21, plugs 29 
which close the one ends of the inner electrodes 27 and an 
inlet 30 on the one end of the housing 21 into which 
exhaust G from an engine flows for inflow into gaps 31 
each between an inner surface of the dielectric 25 and an 
outer surface of the inner electrode 27. 
[ 0054 ] 

The exhaust convergence means 24 comprises a support 
plate 32 fitted over the other ends of the inner 
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electrodes 27 and dielectric 25 in the respective 
capturing cells 22 to maintain constant relative positions 
of the electrodes 26 and 27 and abutting on a whole inner 
peripheral surface of the other end of the housing 21, and 
an outlet 33 on the other end of the housing 21 and in 
communication with a muffler, the support plate 32 being 
formed with a plurality of openings 34 in communication 
with interiors of the respective inner electrodes 27. 
[0055] 

The above-mentioned support plates 28 and 32 are made 
from heat-resisting and insulating material such as 
ceramics so as to retain electric insulation between the 
housing 21 and the electrodes 26 and 27 to one another. 
[0056] 

Moreover, the electrodes 26 and 27 in each of the 
cells 22 are connected to an in-vehicle power supply 36 
such as an alternator through an electric discharge 
controller 35; voltage necessary for generation of 
electric discharge is applicable with the electrodes 27 
and 26 being utilized as anode and cathode, respectively. 
[0057] 

Those similar to the above-mentioned spacers 17 (see 
Fig. 1) are interposed between the outer and inner 
surfaces on the one ends of the inner electrode 27 and 
dielectric 25, respectively; and those similar to the 
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spacers 18 (see Fig. 1) closely contact the support plate 
32 and are positioned between the inner electrode 27 and 
dielectric 25 so as to prevent useless electric discharge. 
[0058] 

In this exhaust emission control device, the exhaust 
G from the engine flows via the inlet 30 of the divergence 
means 23 into the gaps 31 in the respective cells 22 , 
passes through the inner electrodes 27 from outwardly to 
inwardly thereof and then flows via the openings 34 of the 
plate 32 and the outlet 33 of the convergence means 24 
into the muffler. 
[0059] 

Thus, the particulates entrained in the exhaust G are 
captured by the inner electrodes 27 which are the 
electrically conductive filters. 
[0060] 

Moreover, higher voltage is properly applied across 
the inner and outer electrodes 27 and 26 to generate 
discharge plasma and activate unburned hydrocarbon, oxygen 
and nitrogen monoxide into oxygen-containing hydrocarbon, 
ozone and nitrogen dioxide, respectively, so that the 
particulates will spontaneously ignite to be oxidized. 
[0061] 

In the exhaust emission control device shown in Figs. 
5 to 8, the cylindrical inner electrodes 27 capable of 
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capturing the particulates are arranged in parallel with 
each other so that the flow path of the exhaust G is not 
prolonged even if the captured area of the particulates is 
increased. 
[0062] 

Moreover, the inner electrode 27 is surrounded by the 
cylindrical outer electrode 26, so that the distance 
between the electrodes 26 and 27 can be shortened to lower 
the applied voltage necessary for generation of discharge 
plasma . 

Embodiment 3 
[0063] 

Figs. 9 to 12 show a third embodiment of an exhaust 
emission control device according to the invention. This 
exhaust emission control device comprises a cylindrical 
housing 41 # a plurality of capturing cells 42 arranged in 
parallel with each other in the housing and exhaust 
divergence and convergence means 43 and 44 on one and the 
other ends of the housing 41, respectively. 
[0064] 

Each of the cells 42 comprises a cylindrical outer 
electrode 45 constituted by an electrically conductive 
filter capable of capturing the particulates, a 
cylindrical dielectric 46 arranged coaxially within the 
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outer electrode and a cylindrical inner electrode 47 
coaxially arranged within the dielectric 46 and 
constituted by an electrically conductive filter capable 
of capturing the particulates. 
[0065] 

The exhaust divergence means 43 comprises a support 
plate 48 closely contacting a whole outer peripheral 
surface of an end of the outer electrode 45 in each of the 
capturing cells 42 and closely contacting a whole inner 
peripheral surface of one end of the housing 41, plugs 49 
which close the one ends of the inner electrodes 47 and an 
inlet 50 on the one end of the housing 41 into which 
exhaust G from an engine flows for inflow into gaps 51 
each between an inner surface of the dielectric 46 and an 
outer surface of the inner electrode 47 and into gaps 52 
each between an outer surface of the dielectric 46 and an 
inner surface of the outer electrode 45. 
[0066] 

Spacers 53 are interposed between the outer surface 
of the inner electrode 47 and the inner surface of the 
dielectric 46 so as to retain relative positions of these 
members constant without clogging the gap 51; spacers 54 
are interposed between the outer surface of the dielectric 
46 and the inner surface of the outer electrode 45 so as 
to retain relative positions of these members constant 

20 



without clogging the gap 52. 
[0067] 

The exhaust convergence means 44 comprises spacers 55 
each fitted to the other ends of the electrodes 45 and 47 
and dielectric 46 in each of the cells 42 so as to retain 
relative positions of these members constant, spacers 56 
which retain constant relative positions of the outer 
electrodes 45 to the housing 41 and an outlet 57 on the 
other end of the housing 41 and in communication with the 
muffler . 
[0068] 

Each of the spacers 55 is annular- shaped and closes 
the other ends of the gaps 51 and 52, the central openings 
58 being in communication with the interiors of the inner 
electrodes 47. 
[0069] 

These spacers 55 and 56 are made from heat-resisting 
and insulating material such as ceramics so as to retain 
electric insulation between the housing 41 and the 
electrodes 45 and 47 to one another. 
[0070] 

Moreover, the electrodes 45 and 47 in each of the 
cells 42 are connected to an in-vehicle power supply 60 
such as an alternator through an electric discharge 
controller 59; voltage necessary for generation of 
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electric discharge is applicable with the electrodes 47 
and 45 being utilized as anode and cathode, respectively. 
[0071] 

The plural outer electrodes 45 may be in a position 
relationship such that the adjacent outer electrodes 45 
abut on each other at their outer surfaces. 
[0072] 

Those similar to the above-mentioned spacers 17 (See 
Fig. 1) are interposed between the outer and inner 
surfaces on the one ends of the inner electrode 47 and 
dielectric 46, respectively, and between the inner and 
outer surfaces on the one ends of the outer electrode 45 
and dielectric 46, respectively; and those similar to the 
spacers 18 (See Fig. 1) closely contact the spacers 55 and 
are positioned between the inner electrode 47 and 
dielectric 46 and between the outer electrode 45 and 
dielectric 46 so as to prevent useless electric discharge. 
[0073] 

In this exhaust emission control device, the exhaust 
G from the engine flows via the inlet 50 of the divergence 
means 43 into the gaps 51 and 52 in the respective cells 
42, passes through the inner electrodes 47 from outwardly 
to inwardly thereof or through the outer electrode 45 from 
inwardly to outwardly thereof and then flows via the 
openings 58 of the spacers 55 and the outlet 57 of the 
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convergence means 44 into a muffler. 
[0074] 

Thus, the particulates entrained in the exhaust G are 
captured by the inner and outer electrodes 47 and 45 which 
are electrically conductive filters. 
[0075] 

Moreover, higher voltage is properly applied across 
the inner and outer electrodes 47 and 45 to generate 
discharge plasma and activate unburned hydrocarbon, oxygen 
and nitrogen monoxide into oxygen-containing hydrocarbon, 
ozone and nitrogen dioxide, respectively, so that the 
particulates will spontaneously ignite to be oxidized. 
[0076] 

In the exhaust emission control device shown in Figs. 
9 to 12, the cylindrical inner and outer electrodes 47 and 
45 capable of capturing the particulates are respectively 
arranged in parallel with each other so that the flow path 
of the exhaust G is not prolonged even if the captured 
area of the particulate is increased. 
[0077] 

Moreover, the inner electrode 47 is surrounded by the 
cylindrical outer electrode 45, so that the distance 
between the electrodes 45 and 47 can be shortened to lower 
the applied voltage necessary for generation of discharge 
plasma . 
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[0078] 

It is to be understood that an exhaust emission 
control device according to the present invention is not 
limited to the above-mentioned embodiments and that 
various changes and modifications may be made without 
leaving the gist of the invention. 

Industrial Applicability 
[0079] 

An exhaust emission control device according to the 
invention may be applicable to various types of vehicles. 

Brief Description of Drawings 
[0080] 

[Fig. 1] A longitudinal sectional view showing a first 
embodiment of an exhaust emission control device according 
to the invention. 

[Fig. 2] A view looking in the direction of arrows II in 
Fig. 1. 

[Fig. 3] A view looking in the direction of arrows III 
in Fig . 1 . 

[Fig. 4] A view looking in the direction of arrows IV in 
Fig. 1. 

[Fig. 5] A longitudinal sectional view showing a second 
embodiment of an exhaust emission control device according 
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to the invention. 

[Fig. 6] A view looking in the direction of arrows VI in 
Fig. 5. 

[Fig. 7] A view looking in the direction of arrows VII 
in Fig. 5. 

[Fig. 8] A view looking in the direction of arrows VIII 
in Fig. 5. 

[Fig. 9] A longitudinal sectional view showing a third 
embodiment of an exhaust emission control device according 
to the invention. 

[Fig. 10] A view looking in the direction of arrows X in 
Fig. 9. 

[Fig. 11] A view looking in the direction of arrows XI 
in Fig. 9. 

[Fig. 12] A view looking in the direction of arrows XII 
in Fig. 9. 
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